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Thesis Title: PEG-400 Activated Synthesis of Substituted 1,2,3-Triazoles, (±)-
Cyanoacetates and Enantioselective Synthesis of 2- Allyl – (4-tert-
butyldimethylsilyloxy)-5-phenyl tetrahydrofuran-3-ol: A key Intermediate of Natural 
Product (+)-Altholactone.  
 
The contents of the thesis are arranged in four chapters. Chapter I provides information 
about PEG-400 solvent and an up-to-date coverage of reactions that were conducted in 
PEG-400 solvent. Chapter II deals with copper catalyzed [3+2] cycloaddition leading to 
efficient synthesis of β-hydroxyl or β-tosylamino 1,2,3-triazoles by the ring opening of 
epoxide or aziridine using azide in PEG-400 solvent. Chapter III describes the synthesis 
of protected racemic cyanohydrins in PEG-400 solvent without metal catalyst. Chapter IV 
deals with towards total synthesis of antitumor agent (+)-altholactone using Rh- catalyzed 
cycloisomerization of homo propargylic alcohol as key step. 
 
Chapter I: General introduction of PEG-400 solvent and literature review about 
PEG-400 mediated reactions 
 
This chapter describes a brief introduction of Poly(ethylene glycol)s (PEG), their 
commercial availability, and its potential use as solvent (PEG) in a veriety of reactions. 
Firstly, we have collected the litereature based on fuction carried by PEG in various 
reactions.  Initially, liquid PEG as reaction solvent, substitution reactions and synthesis of 
alkyl fluorides from alkyl sulfonates was covered. 
 
In the same lines, some of the metal catalyzed reactions carried in PEG such as Suzuki 
cross-coupling reaction, and effect of functional groups on the reactivity of aryl halides 
were discussed. Next, under oxidations reactions, Polyethylene glycol promoted 
polyoxometalate catalyzed aerobic oxidations of alcohols, sulfides and dehydrogenations 
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were mentioned. Sharpless dihydroxylation in PEG-400, and recycling studies of solvent, 
catalyst loading, reusability of ligands with various examples have been also described. 
Finally, PEG-400 as a reaction medium in reduction reactions, wherein the reduction of 
triple bonds to cis olefins using Lindlar’s catalyst, recycling of solvent as well as catalyst 
performance was mentioned. Using Adam’s catalyst in PEG-400, hydrogenation of various 
functional groups (i.e. hydrogenation of alkynes, α,β-unsaturated ketones, esters, acids, and 
reduction of nitro, azide groups to amines) and in parallel comparison with ionic liquids 
was covered. 
 
Chapter II: Tandem epoxide or aziridine ring opening by azide/copper catalyzed 
[3+2] cycloaddition: efficient synthesis of 1,2,3-triazolo β-hydroxyl or β-tosylamino 
functionality motif 
 
Numerous synthetic methods for the preparation of 1,2,3-triazole derivatives have been 
developed. Among them Huisgen 1,3-dipolar cycloaddition between an alkyne and an 
azide was the classical and extensively used method. However, the regioselectivity of this 
cycloaddition reaction was generally low and the reaction usually leads to a mixture of 1,4- 
and 1,5-regioisomers. In 2002, K. B. Sharpless and M. Meldal group improved the 
regioselectivity of the reactions by cu (I)-catalyzed legation (click chemistry) of organic 
azides and terminal alkynes. Later on, due to exclusive regioselectivity, wide substrate 
scope, mild reaction conditions, effective catalytic system (accelerates the reaction up to 
107 times), and high yields have made it this reaction the method of choice for preparing 
1,4-disubstituted 1,2,3-triazoles. 
 
We have initiated a program for the synthesis of small molecules possessing β-hydroxyl or 
N-tosylamino 1,2,3-triazole motif by azidation of epoxides or N-tosylaziridines with 
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sodium azide followed by “click reaction“ using ecofriendly PEG-400 as a reaction 
medium in the presence of 5mol% of CuI.   
 
After considerable experimentation, we have succeeded in the one-pot epoxide-azide-click 
reaction employing phenoxy methyloxirane 1a, sodiumazide 2, and terminal alkyne 3 
using polyethylene glycol (PEG-400) as the reaction medium in the presence of 5 mol% of 
CuI. The desired product 4a was obtained in 91% isolated yield (Scheme 1). 
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Scheme 1 
By keeping optimized conditions in hand, we have evaluated the potential of this reaction 
and our results are shown in Scheme 2. By going through the results, activating and 
deactivating groups attached to aromatic nucleus have shown negligible influence on 
product yields.  
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Scheme 2 
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Further, wide arrays of di- and trivalent aryloxy epoxides as well as acetylenes were 
subjected to the three-component one-pot reaction under standard conditions and the 
corresponding products 4f-i were obtained with excellent yields (Scheme 3).  
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Scheme 3 
With the successful formation of the β-hydroxyl 1,2,3-triazoles from one-pot epoxide-
azide-Cu (I)-catalyzed Huisgen [3+2] dipolar cycloaddition, we envisaged to apply the 
same protocol to enantiomerically pure chiral epoxide and aziridines. Accordingly, the 
starting materials (S)-5, (S)-6, (S,S)-7, and (S)-8 were prepared and subjected to copper-
catalyzed epoxide-azide-click reaction. Gratifyingly, in all cases the corresponding β-
hydroxyl and N-tosylamino 1,2,3-triazoles (S)-9, (S)-10, (S,S)-11 and (S)-12 were 
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obtained in high yields with excellent ee indicating no racemization during the reaction 
(Scheme 4).  
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Scheme 4 
 
In conclusion, we have developed a novel and practical procedure for the synthesis of 
small molecules possessing β-hydroxy or N-tosylamino 1,2,3-triazole motif by azidation of 
epoxides or N-tosylaziridines with sodium azide following “click reaction” using PEG-400 
as a reaction medium in the presence of 5-mol% of CuI. This protocol offers the following 
advantages: (a) use of sodium azide as a low cost raw material under mild reaction 
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conditions, (b) an eco-friendly solvent such as PEG-400 as a reaction medium, not only 
works as a reaction medium but also presumably activates epoxide, aziridines and (c) a 
multicomponent one-pot reaction that is catalyzed by only CuI with a low level of loading. 
Details of these extensive study and all compounds characterization data is described in 
this chapter.  
 
Chapter III: Improved three-component metal free approach for the synthesis of 
protected racemic cyanohydrins. 
 
Addition of cyanide to a carbonyl compound to form cyanohydrins is one of the 
fundamental carbon-carbon bonds forming reaction. In this chapter, we have presented a 
brief survey of syntheses of cyanohydrins and potential problems of these methodologies.  
From these studies, the prominent routes appears to be the Lewis acid activated 
nucleophilic addition of soluble organic cyanides such as trimethyl cyanide and acetone 
cyanohydrin to carbonyl compounds, thus generating moderate to excellent yields of 
protected form of racemic cyanohydrins. Although NaCN and KCN are the cheapest 
source of cyanide, they are rarely utilized for the synthesis of cyanohydrins. One of 
anticipated problem could be their low reactivity towards nucleophilic addition. Secondly, 
they are also sparingly soluble most of the organic solvents employed for the synthesis of 
cyanohydrins. 
As part of our continued interest in PEG-400 mediated reactions, here we established a 
highly practical and Lewis-acid-free synthesis of protected racemic cyanohydrins in an 
ecofriendly solvent such as PEG-400. PEG-400 is considered for two reasons. Firstly, 
inorganic cyanides i.e., NaCN and KCN are freely soluble and easily ionized. Secondly, 
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PEG-400 could be envisioned to activate carbonyl functionality thereby facilitating 
nucleophilic addition. 
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Keeping this in mind, we initiated a program for the synthesis of protected racemic 
cyanohydrins. Initially, we chose benzaldehyde 13 as test substrate for this transformation. 
After considerable experimentation, stirring one equiv. of 13, 1.2 equiv. of sodium cyanide 
14 and 4 equiv. of acetic anhydride 15 in PEG-400 for 15 h at room temperature resulted in 
the product (±)-16 in 90% yield (Scheme 5).  
 
 
 
a)  R = 4-OMe b) R = 3,4-OMe c) R = 4-Me d) R = 4-Cl e) R = 3,4-Cl f) R = 4-Br
g) R = 2-OH h) R = 4-NO2  
Scheme 6 
 
To define the scope of the synthesis of protected racemic cyanohydrins, a series of 
sterically and electronically differentiated aromatic substrates were subjected to this 
protocol and the resulting products obtained in high yield irrespective of electronic nature 
of aromatic nucleus (Scheme 6). 
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Having prepared various acetyl cyanohydrine adducts, we became interested stereo 
chemical course of this reaction employing α-substituted enantiomerically pure aldehydes.  
 
                     Table 1: PEG-400 activated synthesis of protected racemic 
                                   Cyanohydrins from α-substituted enantiomerically 
                                   pure aldehydes 
 
Entry Substrate Product %Yield 
1 
CHO
OTBDMS
17
 
OTBDMS
OAc
CN
20(2:1)
90 
2 
N CHO
18
BOC
 
N
OAc
CNBOC
21(1:1)
95 
3 
O O
CHO
19a
O O
CN
OAc
22a(9:1)
85 
4 
O O
CHO
19b
 
O O
CN
OAc
22b(1:1)
82 
 
To this end, we have selected α-substituted enantiomerically pure aldehydes 17, 18, 19a 
and 19b. The cyanohydrin formation from (S)-α-tert-butyldimethylsilyloxy phenyl 
acetaldehyde 17 and NaCN 14 in PEG-400 at ambient temperature (Table 1, Entry 1) 
resulted in product 20 with low diastereoselectivity (2:1). In contrast, (R)-glyceraldehyde 
acetonide 19a afforded 22a with significantly high diastereoselectivity (9:1) (Table 1, 
Entry 3) in favor of syn, while its epimer (S)- glyceraldehyde acetonide cyanohydrin 19b 
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showed poor selectivity (Table 1, Entry 4). The cyanation of BOC protected (S)-prolinal 18 
did not promote any diastereoselectivity (1:1) (Table 1, Entry 2). 
 
Finally, this protocol was extended to the synthesis of (±)-3-phenoxybenzaldehyde 
cyanohydrin 25, which is used in the production of synthetic pyrethroids such as 
deltamethrine, cypermethrin and tralomethrin (Scheme 7). This crucial intermediate was 
generated in 20 mmol scale in 95% isolated yield using above standard protocol. 
 
 
 
Scheme 7 
 
 
This protocol features the use of sodium cyanide as a low cost starting material compared 
to the soluble organic cyanides and an eco-friendly, sustainable, non-volatile and 
recyclable solvent such as PEG-400. Interestingly, this one-pot reaction is catalyzed only 
by reaction medium.  
A comprehensive discussion of results and experimental procedure with complete 
analytical data are given in this chapter. 
 
Chapter IV: Enantioselective synthesis of 2- Allyl – (4-tert-butyldimethylsilyloxy)-5-
phenyl tetrahydrofuran-3-ol: A key intermediate of natural product (+)-Altholactone. 
  
McLaughlin’s group has disclosed isolation and characterization of styryllactones from 
Goniothalamus giganteus, which were found to be significantly cytotoxic against human 
tumors. Because of their antitumor activities, many efforts have so far been centered on the 
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development of methodology for the synthesis of these styryllactones. The first group 
consists of styryllactones with a five membered lactone moiety involving (+)-
goniofufurone, (+)-goniobutenolide A, and (-)-goniobutenolide B, and the second group is 
made up of styryllactones having six-membered lactone functionality. Some 
representatives of the latter are shown in Figure 1. 
 
O
R2
H
O
R1O
O
O
O
HO H
H
OH
25a R1 = H, R2 = OH (+)-goniotriol
25b R1 = Ac, R2 = OH (+)-8-acetylgoniotriol
25c R1, R2 = H (+)-goniodiol
26 (+)-altholactone 28 (-)-goniofupyrone
O
O
H
H
HO
O
OH
O
O
O
H
HHO
27 (+)-9-deoxygoniopypyrone
 
Figure 1 
 
Due to the high potent activity combined with their unique and challenging structure, many 
synthetic routs have been developed. Most syntheses use chiral pool starting materials such 
as sugars, hydroxy acids and involve 11 to 16 steps.  
 
As part of ongoing programme towards the synthesis of biologically active anti-tumor 
molecules based on asymmetric catalysis as genesis of chirality herein, we describe a 
flexible stereo selective route for the syntheses of (+)-altholactone 26 which is having a 
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cis-fused tetrahydrofurano-2 pyrone structure. This approach derived its asymmetry from 
two Sharpless catalytic asymmetric dihydroxylation reactions. Retro synthetic analysis for 
this approach is illustrated in Scheme 8. 
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The alkyne diol 34 was obtained by the dihydroxylation followed by TMS deprotection of 
trans-1-TMS protected 4-phenyl-3-ene-1-butyne. Rh(I)-catalyzed cycloisomerization of 
homo propargylic alcohol 34 furnished the dihydro furan 33 in 40% yield , which is a key 
step (Scheme 9). 
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Scheme 9 
 
The hydroxyl group of 33 was converted to TBDMS ether 35 and subsequent 
hydroxylation with ADmix-β followed by acetonide protection yielded the product 37 in 
90% (Scheme 9). A highly stereo selective 1,2-trans allylation of 37 using 
allyltrimethylsilane and BF3.Et2O in dry DCM at 0 0C to room temperature for 3 h 
furnished the target compound affording the product 38 in 70% yield (Scheme 10). 
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Scheme 10 
 
In conclusion, we have developed an efficient method for the synthesis of fully substituted 
furan moiety 38 using two Sharpless catalytic asymmetric dihydroxylation reactions and a 
catalytic Rh(I)-catalyzed cycloisomerization as key steps. This is a key intermediate of 
antitumer agent (+)-altholactone.  
The plan of our synthetic strategy with complete details is described in this chapter along 
with analytical data support.  
 
